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t&a #^C3 l fc7T^^-3iM^CMV^fetl-5>1.3*^^1.55/illl^©InGaAsP(Z)#M^: 
ttPNOlQI .-Multi Quantum Well) %ffij£Mt^&¥W$>]s — ^l£Wil$m.'V(D V — 

[0 0 0 3] 

3 tl C tT Chung-En Zah^(C <fc U"IEEE Journal of Quantum Electronics, 
Vol. 30, No. 2, pp. 511-522, 1994"lC|fi^£ tlZ J: 3 IC InGaAlAs^MQWS: 

t3*lT£^ £t?tCT. IshikawaP>{C J; U" International Conference on Indium 
Phosphide and Related Materials 1998, ThP-55, pp. 729-732" K FMtf £ tlX 
V^S^^tClnGaAlAs-MQWjf^Mfn^S&M^EttlnGaAsP-MQWCD^^^^iflCirf: . 

^ t m < ±ih o) w.mum v — y 0 m & k \h v * t v y$ „ 

[0 0 0 4] 

InGaAlAs-MQW0l/-if#'[4^InGaAsP-MQW{Cj:b^TKV^(7)li7 s v> K5^>^y 

^#^(D^^^fil5S«{itC^^(DfJ-^^, InGaAsP-MQW#4:6&cmc*f bt 
InGaAlAs-MQWTli7:3-efeU, ^HAtfvJ^ V^^fci^ #HJfl*I{C^ C&#> 

ltCfcVyX110Hj:InGaAlAs-MQW(Z)#^ji , T?1102tiInGaAlAs-MQWCD|l|MjiT^U, 
1103&InGaAsP-MQW<Z)#F»ji, 1104&InGaAsP-MQW(7)|^MjSl?&£a Lfrb — ISiC 
^^^C^a^^^^MftliiE^Ol/lOJ^T^&^^^InGaAlAs-MQWCD^Vy^^ 

■er-egf 1 2^VNtt0 1 3 {C^t-J:otCInAlAsm^X h ^-/Jgl06$: pMSCHjg® 
^M^A^S^^JCJ: »J^^^®^D^^m&f#^»z:^^T-t-5 0 012 
^CfcV\T105ij: pMlnGaAlAsCDGRIN-SCH (Graded-Index Separate Confinement H 

eterostructure)^jtiT'Ga^AlC7)^J:b$:MMWJC^^.T^> F3rWf%Mik. 
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lO6»pMlnAlAs0^X h^^MT'feSo 103tt nM©InGaAlAstf)GRIN-S 
CH^tl02lj:nMInAlAsJS-efe-2>o 0 1 3 \Z £ V*T £13011* p MlnGaAlAs 

OSCmX\ 1302ttnMlnGaAlAs©SCHJi'^feSa 106^InAlAs)fT^ tJte^tl 
^ 0/1 > K*3tiR#* £ V \ & IC 102J& V \ &1302CD n MMMfr "o 3fc § ^ % r © 

[0 0 0 5] 

. * fc, 10Gb/s<DifrfEMii*#kfC J: y r2001^$H6 2 UliSMM^^ 
3ft£fl$ff3ft& 13P-B-6, p. 869j KUBasSftTW* J; ? fC-10°C ^£>85°C £ 

[0 0 0 6] 

V n ^ S FP (Fabr y-Per at) M U - if & »J |S| B# tC#IR ©ifcfi © % * * * h ;u 
tSfe^600m^e>2kn^>g^ilOPl^#i:V\t>*lT^S„ |ff«E Lfe <fc 3 Jc'iff JS;i/ 
- # ISjS © SEftt l*3K 10km 4 T* & £ tc & IC J£ - =E - K T? %m ? 6 I nGaA l As-MQW U 
-iftfUtflSo — KUSS*^ ^ <5 DFB I/ — if & I nGaA l As-MQW KiUffl I, fc$\ 

»WII2OO2-574O5K:W^S4xTV>§J;^K:inGaAsPjB©l0#f^ : 3 s -^InP^9^ K£> 

— if&T. TakiguchiPjCJ:o"C"Optical Fiber Communiation Conference 
2002, Technical Digest, ThF3, pp. 417-418" (C^|^t$ tlT V'vS J: o IClOGb/sJ^ 

iM^tS. H5tCfeV^T502ttngSCHJi, 503li^ftM, 504& p MSCHjf, 50 
5iipMlnPM, 506&pMlnGaAsP<7)Xy^ h y 7® , 507&pMlnPjf. 508ttpg!l ' 
nGaAsPjfT'fe^o -Dg\ZS08iZ=F&M%&&& V^*EB(Electron Beam)JgjH&tC <fc 
y!g^te^#->£^J&LSfttfxy hx>yf > y&lC J: y 508© if & x y ^ 

gf 6 7 ^ T ® #f & i^-h £1 n?M^V>nf&& & *T "5 " "T* 
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ffil£0 9 6DJ:e>fC&£o 0 9 {C&^T109(Z)pMlnGaAszi> # ^ hjg/^&A£ft 
feiE?L»T^I^tC^tl^ 0 b^b, 508(7)1 nGaAsPta^f^® (7) 
^y©M^Cj;tJ / ^^^T-^^7c^InGaAsPHI^f^JiiC»m^^^tlfC< <& 

6„ 01 0{C^^T(a)iiP-P'mM«A> K««^'J, mMtf&m^Xiift 
mn?ffiX$>Z> 0 |SI0C^VNT j etl-? ? tl, 1001tel08tf) p MlnP? 9 >V KJg. 1002 
&508© pMlnGaAsPtUfT&^-M, 1003&507(DpMlnPJi(Z) A > Kfl&jfe&y, P 

MK- t:>^bfe^¥«McDA> R0T-&.S, 0fr<b[@l#r&^Ji£M£P-P , $T 
MTfipM©*^ U 7£V\*> K^-vy ^(7){£v^r 5^$iLt7 yf-#DI£b 

j: oT09©^pp(7) <t o izmm$mtt&^zmtfxwttizfc®^m&3^mffi<nm 
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InGaAsP&^ffiM^-tSDFBl/— IfttMAtiM. OkaijCj: »; "Journal of A 
pplied Physics, Vol.75, No. 1, pp. 1-29, 1994"lC|fg^£ tlT Vn£ <k O iClnGa 
AsP©SCHMlC|II#& : ?-£j£j&LT^5. ® 1 4 IC |& B& EI £ ^ "t o Bl 1 4 lCfcV*T' 
lOmnMlnPg^, 1402lita#fl&^^^$tlfenMlnGaAsP(OSCHJi> 1403'#InG 
aAsP-MQW(7)^'f4M. 1404#pi!lnGaAsPCDSCHjg, 1405# p MlnP^ 9 >y KJI* 140 
6#pMlnGaAsJf-r-&6o 
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- SlfcKfc 3fe« £ t -5 i £ (C & 5 c 

^b-if^^b^M^H^-t^zihlcfeSo 
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[fBM£)!i?&«fc#)0#a] 

#3fcfBlCfcV^T±fB©a£ 1 Mtt, InPg«±lC&»<&fcJf£4xfcjg££U I 
nGaAlAsfr&fc-S^Si^JFJ^tttf <7)±{C InGaAlAstf)ft#-f KJf> InAlAs^ 
XbvfiM* m^f^^^-tSInGaAsPM, InP* =y y KJitfJBlCfltMS ^ ^ 
®#f^&W1*SInGaAsP®(Diaff*&^®H^0^$^InGaAsPM0^^ <fc V'bZ- 

±3a©^2 0DHiattInPS3K±Jca[SS[<Z)«tM3*lfe®S:WL, InGaAlAsfr^&S 
#SS^#J5&ttM©±lCInGaAlAs<Bft'#>f KJf> InAlAsm^* hv^JS, 0*f 
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^^^^-T-SInGaAsPji, InPX^--^M^ InGaAsPx y h v zfM, 

m 

jc «fc yausteti*. 

[0 0 11] 
1 1 

* 1 ®^i«tt*jii «:JiiMl.3i» mff D F B U y5?Sl/-tfK:'»U8bfc#l ■ 

ln?mUX*T3i7^V FMt LT*)ffl<, 102&@$30niiT*nMlnAlAsJi, ;i033f-Y 
U 7^^1X10 18 cm" 3 T'^30.08^m(^)n3!!lnGaAlAs(7)GRIN-SCHji, 104tt#;Rjg# 
J¥35.5n«T?]£#!Ml.4X< ttMM^W^10nmT^fo5gUM0.6%-rfe§7M^^i¥0. 
1 1 85 m(Z) T > K - -f I nGaA 1 As-MQW & »j 1 . 3 ft m IC T ftjg * 5 <fc 3 tC % H g b 
T^5„ 105&3f-V U TtiS6X10 17 ciii" 3 T-jP$0.04^mCO p§?InGaAlAs(7)GRIN-SC 
HJJf, 1061i3f-V U T^M9Xl0 17 cm" 3 T-jPS0.04/im©pMlnAlAs(7)*^X h y^f 
M> 107\**rV U T^^r.4Xl0 18 cm _3 ^jS$0.07^m© p MlnGaAsPtf)®#f|^Ji 
T&£ 0 107(Dia#rl&^ji©M^Slil.l5A'ni:bfe o 1081*3^ U 7*#I.2X 
10 18 cm" 3 t?^$1.5Atm C7)pMlnP<£>3g 1 _tg|5 ^ y KM"??* l J Hl.6 'J 

y*?bMX&>), InPH«tC^ii^bfepMlnGaAs^ftMS*lS. 01*7? 
O^nt^Ii&WflC^fS. *1*0 2(a)©J;^{CnMlnP^«±tC«J?x^ 
-®P\li^-'ftiC'gtl'5>M0CVD (Metal Organic Chemical Vapor Deposition: 
&JS^Cffl$S'$£ , MOVPE(Metal Organic Vapor Phase Epitaxy) £SBt"£ £ S. 

SSlCfc ySiO2M20'l±SCMI$200nm<D[g!^&^/\ a #->£ l/^X MC j: 'J^J&U 
Si02H £ -Y x y ^ > y&ic i'Ji-yf > ^ bSi02J^(DHIIf # - > £ 10 
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7±izmm,tz> 0 otic zosiozmamffife^rtft-yz^xv £lt*$> 

t^C^T'SS. # ^ - CD tc m 0H3PO4 £ ii®Hf;7Kfl7K& <2 

y hx^^>^T^0.005/imX^^>^$:^V%, Si02 ^ £|&£-r Si02 
^X^f&£«III2tf>(b)fC^1-o 3©«CVD&£J: U pMlnP^y KJfl08£ 
pMlnGaAsMl09^^LT^t-S (02(c)) „ - <£)&MW&±lZ V * h V V 

y^>^-einGaAsJfl09£x*y^>^U 109& ^ £ L ;* itX h^-f ^YX 
? $r^-t-5>„ $ &tCHCl£@£i^<Z)xy^;y^glc J: U lOStfHnP? ^<y KJi£ 

^±1-£<2TEI1 (A^il&S. rOJ^^(D^xA-{CSi02^^301$:^b 
, 777^ >&iC J; U *1t(2±3|5(7)#c7)Si02^ll£l&£L pMS302h 
nf!lM3035:^1-^i:®3 £>#|^£&£ 0 
[0012] 

2 © (b) CO <fc 5 (C^SM^-t^T InGaAsP-e^t>tlT U U$,mJ}fflV> plK 
[0 0 13] 
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®%f&^ <d it miff b a 0 mm # 1 npjt 7? & y zn ic # i-£ggftra,g#®< 

tffc-fcfcV^ ZntfMQWfSfttffC^SlC (fcfc £^ 1 X 10 18 cm" 3 £Lh) AV&AjH 

JC^f it IC107(£> InGaAsPHJ^f &^jg £ W T* l±& < 1040DMQW £ T*©Jf> 1" & t> *>> 
106<Z)InAlAs^x h y ^Mi:105C?)InGaAlAsCDGRIN-SCHM^IIfD^^^if ^£#> 
Zn^tfcLT*r(Z)M^T'ih*yMQW^fiM*T'(Z)i£^^^^#7i{C^oTV^ 

So 

[0 0 15] 

%<Drty KHiM£04&c^-fo 04 (a)tt^Wr®«l5t7?fey. f©^>KiI 

*Kb)T?&So (b)lCfeVNT^tl^tl, 401ttl08©pMlnP^9;y KM, 4021*107 
<Z> p MtUtff&^Jf, 403lil06(Dp§i[InAlAs«^-^ h y ^Jf, 404&105© p MlnGaA 
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Us^GRiN-SCHjf (DAy FH^-e&y F~ 9 b fc^ffi^fig© Ay KKT*& 

S5©&"e»'S.' Cltlttl07©InGaAsPMi:106(Z)InAlAs«^X h y ^MI^CD/M 

£„ bfrfe, ^Mi:liM^ t ;illM^^IHIta(Dfeg(cj;e 3 T|il4 (b) ©A> 

f 

I 

3r - (D2ffiffi m<D54meV(DA y K*Jt«! T* & S 1 . 24 # T £ Z t &M £ V < 
[0016] 

flSfi, #W^ll-5487(C^$tlT^-5%©{j:Efl6{C^-r^(ClnAlAs^X 

y, ' inGaAsPM^fit? «> Si lilies. se>Jc0#f^A^fiJt 

M£.B&Bftzj&foLrc.%<DT**mmm0&t>K. m&M t sch jg # *> m n fc&g 

[0 0 17] 

T*l&ii0.4%©fijR»B|, &®90%<&£fm&ffiLfcD FB l/-tffCfclr>T, 25 
£K:T8.O»A(0teL£^S&&#S£ 85r<Z)iSi&tC;i3^Tt>l 
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"■9.2BA0fl£L£V\^Sfe"e&ofci .XD-^iJ^ti25°C,85°C(Cj3V\T j etL^ ? tl0.23 
W/A, 0.19 W/A£.&£FT*&o£o 3 £>IC01 7{C^-tH{C85°C(CfcV>T^MtC 
it^Ti?$3^©S*ftm;d£#£^#T-£fe 0 igtffe^ttE B We# 

f-^-K^U^e 0%^TOt)L J^U:<£>#tt£,£B&bT 8 5°C(c& 

V»TM3£.tfc 7 d B "?10Gb/s^j^{C^3^T^^^T^f^P ?:f#-2> £ j^T^fc. 
[0 0 18] 
[||$iM2] 

H2(Z)^Mtt*^P^$:®#Ml.55^m^ : DF B U y t/M U-^ICMM L £M 

mi s^t^m^m^-to mi 8iz&^xiou$nmin?g$.~eT$w 

<7V KJBfc LT&iK. 1302&=5f-Y 'J X 10 18 cm" 3 T^$0.08^ m"effi^ 

^0.95/im©n§i[InGaAlAs®SCHjg, 180Hi#FM#W26nm-eMMl.4l It 
^Jf*W^10nmT^[o5SUM0.6%T'S>-5)7M©^0.122 / (im(7)T> K-^InGaAlA 
s-MQW&iJ1.55AimtCT5gig-t'5J:e)iCffl^?:Ml[bTV^^ 0 \ 130ni^r^UT 
^6Xl0 17 cm" 3 T*jS:$0.04/imT-!ffi^te0.95/i m© pMlnGaAlAsc^SCHji, 106 

li*i"JTil9 X10 17 cm" 3 -ej¥S0.04^m©p3S{InAlAs®^X h^y^M, 180 
2 & 3f -V U T 1 . 4 X 1 0 18 cm" 3 -e W- £ 0 . 04 n ■T*3flJ&?&R 1 . !15 a mtf) _t tC J£ $ 0 . 03 
(i mt'Mt^l . 2 At m© p M InGaAsPtfftJg ±BPtf) 1 . 2 n raffia © if iC [HI 

ta^^-p^TVN^dllf^STfe-So 1803«^r^ U Tami.2X10 18 cm" 3 ©p 
MlnPX^-^jf , 506tt^r-Y U T^Sl.4Xl0 18 cm" 3 T*ia^?Ml.l5/i m(Z)InGaA 
sPjgxy^T. h >y :/jg, 108&=^ U T^l.2 X10 18 cm~ 3 ^ff $1.5ytm ©pMl . 
nP©H 1 -fcSP^^y FjfT*feU^1.8/im©U ^^'M©^-^^ h^^h&oTV\ 
So I09&«1§£;f-^ ^^^&#-g>^i?)CD=l>^^ hJg -??S>U> InPS^C& 
^£-b£InGaAs^ffl£*lS 0 30mSi02^H, 302&p«}i, 303 

\Z & T , InPX ^ - "9- jf 1803 £ InGaAsPx «ynMy 7JS506 £ ^ , £ P, {C 
HI*f^©±(C InP^. /^-+I-Ml803i: InGaAsPx yfXb<y ^"Jf 506#ffiA£ ftT 
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[0 0 19] 

-etff®O.4%0{£^|ifm^, ftffi90%©iR*f«S:J6bfepFB b-if{C^V>T, 2 
5T3K:T8.9«A(Bte'U£V^^&#S3£tfT£fc. 85°C (T^MIC £ V\T 

9W/A, 0.14 mk£&MX3b-Dt=. B m%T&^i$EBMmXftmLfci/7 

* y#56%fc.gUre&ofc. ^©ttt&SilXS 5°C&C£V^^ftlt7 d B 

[0 0 2 0] 
[HWJ3] 

V 
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1 9 \Z%LMMW<Dmi ©A-A' (DWiffiMWM $:^1*o HKlCfcVNT1901tiJ?£0.04 
Am, U X10 18 cm~ 3 T'^^^75)n.l5Mni©InGaAsPjf T'feU, 190 

2&#;^M#W£4nmT-|^M#W37nm<7) 3 JftfHnGaAsP-MQWe^-Y U 7JR&1.2 
X 1 0 18 cm" 3 tC -ftlC K-tr>^S*l.Tfey, Dl^^ ttl . 22 /* m^C S tit V V 

* » 

»S«*«0 . lnm/°C L/ ICSEft t & V \ © (C *f U T 0#f fc^ ttO . 6nm/ 

r 

°C T? fC $ ff f 5 * ffifi T» <7) >X /b * ®#r ^ ffl % % JR ft J: U * # < & 3 
[0 0 2 1] 

"eB«ffi0.4%©{SS*fJl, &®9O%0>&i»fjfc&ifet,fcDF B !✓ — 0* IC J3 V * T , 25 

7.2«A(7)<£L$VN^T*$>ofe 0 Xa-^«25r ,85°CIC&V^ ^tl^tlO.25 
W/A, 0.21 W/A£&$re&ofc„ tfe, Eltfrte^ttE B jfiHTffftHLfcS/? hft 

B T* 10Gb/s^ £ 33 V T >f gg P % ZC £ tfXg fc„ 

* 
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Qwtaif t m r np * 9 «y km c # a -r 5 mm. x % *r m &z t n h e> * -e %» 

[0 0 2 3] 

1 

« £ H^Hfc b fc&Btffc D F B 1/ - -FlCjgjg U T l^#<M3l#'# £> ft Z> Z £ it 
[0 0 2 4] 

V 

mi] 

*m m <n n mm & b ? mm m . 

[0 2] 
[03] 

[04] 
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